Introduction
Since the discovery of crown ether, cryptands, and cavitands, prodigious progress in the host-guest chemistry field have been accomplished. For example, during the past few decades, there has been an increasing effort concerning the rational design of new functional metal organic materials, such as discrete coordination cages. These architectures generate tunable shape and size cavities, which offer potential applications as containers for storage, recognition, delivery, or catalysis 1-19. Recently, it was shown that these hosts are capable of encapsulating inorganic catalysts, larger substrates, and even small peptide sequences 20,21. Classically, water-soluble polyhedra are effective hosts for aromatic organic guests by hydrophobic effect 12,21-23. In the same way, negatively charged cages can accommodate cationic organic or complex molecules 24-27. However, it should be noted that examples reported of positively charged inorganic receptors capable of encapsulating organometallic complexes are limited 28-33. The molecular recognition property towards the guest relies on the establishment of weak, simultaneous, and selective interactions. Fujita and co-workers reported, for example, metal-metal d-d interaction through the discrete stacking of square planar complexes within a M 4 L 6 coordination cage 30. Clever and coworker described the ability of a M 2 L 4 cage to bind bis(anionic)guest compounds or to form a discrete stack of platinum complexes of the Magnus' salt type 31-32. Moreover Crowley and coworkers recently published the preparation of a dipalladium(II) cage complex using 2,6-bis(pyridin-3-ylethynyl)pyridine ligand, capable of binding two molecules of cis-platin within its cavity 33. A strong hydrogen-bonding interaction between the amine ligands of the cis-platin guest and a central pyridine moiety of the cage was observed.
In this area, our group has developed the use of semi-rigid bidentate ligand to construct a variety of appealing structures, such as coordination polymers, metallomacrocycles, and cages 34-39. For example, we have established the synthesis of some metallocryptands and metallocryptates M 2 L 3 , based on Cp*Rh(III) and Cp*Ir(III), as well discrete self-assembled M 2 L 4 capsules, based on Co(II) and Cu(II), that are capable of encapsulating weakly coordinated anions such as BF 4 − and PF 6 − 34-40.
These anions play a pivotal role as template director to construct such metallocages during the self-assembly process. Molecular recognition takes place via hydrogen bonding-anion or on metal-anion weak interactions and therefore the preparation of these architectures is limited to only weakly coordinating anions. Thus, our efforts were then devoted to prepare related metallocages but with a highly rigid ligand, such as the 1,3-bis(pyridin-3-ylethynyl)-5-methoxybenzene L 1 , the latter is more coordinating to the metal ions and recently we have demonstrated that such a ligand leads successfully to the formation of coordination polymers 41. More recently, we described the synthesis of a novel angular tetradentate rigid ligand, which allowed the preparation of meso-helicates with large nonocavities. Pursuing our research in this field, herein, we report the preparation and structural characterization of new tetragonal metal (
using the rigid assembling bidentate ligands 1,3-bis(pyridin-3-ylethynyl)-5-methoxybenzene (L 1 ) and 2,6-(pyridin-3-ylethynyl)-4-methoxyaniline (L 2 ). The solution behavior as well as the capacity of these metallocages to host square planar organometallic complexes are presented and discussed.
Results and Discussion

Synthesis and Characterization
The bidentate assembling ligands 1,3-bis(pyridin-3-ylethynyl)-5-methoxybenzene L 1 and 2,6-(pyridin-3-ylethynyl)-4-methoxyaniline L 2 are obtained from our previously described procedure using a Pd/Cu catalyzed Sonogashira cross-coupling reaction 41. or CD 3 CN. Upon cage formation with Pd(II) or Pt(II) salts, the spectroscopic data were consistent with the higher symmetry of the assemblies. Furthermore, the formation of the cages induced a downfield shift in the NMR spectrum relative to the free ligand, particularly for H j , H k owing to their proximity to the metal center (see Figure 2 ). The metallocage 1b crystallized in the triclinic space group P-1. the singlet at −78.8 pm broadens upon lowering the temperature and at −20 °C the spectrum displayed a signal at −79.9 ppm and a broad peak centered at −76.4 ppm that we tentatively attribute it to the encapsulated triflate anion (see Figure 4) . These data suggest that in metallocage 3, the encapsulated and free anions are exchanging but at a slower rate compared to that of [Pd 2 (L 1 ) 4 ][OTf] 4 (1b). We feel that, the different behavior of 3 might be attributed to the presence hydrogen bonding interactions between encapsulated triflate and the endohedral amine groups of ligand L 2 pointing towards the interior of the cavity, which holds the anion more strongly than in other metallocages with ligand L 1 that does not contain any amino groups. These results prompted us to investigate the host-guest properties of these capsules and more particularly towards square planar complexes. 
Host-Guest Chemistry
We reasoned that the host-guest recognition is originated from the electrostatic interactions between the anionic guest and the positively charged assembly, furthermore, the presence of amino groups in the bridging ligand should strengthen such interaction, as shown by the 19 F-NMR study described in the previous section. Due to solubility limitation, the host-guest studies were carried out in DMSO-d 6 Figure 5 ). Further addition of excess of PtCl 4 2− to the reaction mixture did not achieve full incorporation of one equivalent of the guest as expected, but led to the decomposition of the host-guest supramolecular assembly. Figure  6 ). Unfortunately, all our attempts to obtain crystals of sufficient quality of PtCl 4   Pd 2 (L 2 ) 4 OTf 2 (4) for an X-ray structural determination were unsuccessful. All over these results are highly important to the area of host-guest chemistry of metallocages as they suggest the necessity to have two complementary effects; namely electrostatic interactions and endohedral hydrogen functionality in the metallocage, which operate in synergy for a successful encapsulation of the kinetically labile metal complex [PtCl 4 ] 2− .
Experimental Section
General Information and Materials
All solvents used were reagent grade or better. Commercially available reagents were used as received. L 1 , L 2 and Pd(CH 3 CN) 4 OTf 2 were prepared according to published methods 41,43. All experimental manipulations were carried out under argon using Schlenk techniques. IR spectra were recorded on a Bruker Tensor 27 (Bruker Corp., Rheinstetten, Germany) equipped with a Harrick ATR. Elemental analyses were performed by the microanalytical laboratory of Institut de Chimie des Substances Naturelles, Gif-sur Yvette. Positive ESI mass spectra were obtained using a triple quadrupole mass spectrometer (Quattro II Micromass, Waters, UK). Automatic data acquisition was processed using the software Masslynx V4.0. NMR experiments were carried out on a Bruker Avance II 300 MHz or Bruker Avance III HD 400 MHz spectrometer operating at 300 K with chemical shifts references to residual solvent peaks. Chemical shifts are reported as parts per million (ppm) and coupling constant (J) in hertz (Hz). Standard abbreviations indicating multiplicity were used as follows: m = multiplet; t = triplet; d = doublet; s = singlet and b = broad. 
Synthesis
Synthesis of metallocage Pd
NMR Titration Data
For a typical titration experiment, a 6.6 mM solution of cage (3.3 × 10 −3 mmol) in DMSO-d 6 (0.5 mL) was treated with 3.3×10 −2 M solution of PtCl 4 n-Bu 4 N 2 (13.6 mg, 1.66 × 10 −2 mmol, in 0.5 mL) guest, freshly prepared in DMSO-d 6 (0.1 mL), followed by an equilibrium time of 5 min prior to the NMR measurement.
X-Ray Crystal Structure Determination of Metallocage (1b)
X-ray crystal structure determination of metallocage (1b): Data was collected on a Bruker Kappa-APEXII. Unit-cell parameters determination, data collection strategy and integration were carried out with the Bruker APEX2 suite of programs. Multi-scan absorption correction was applied [44] . The structure was solved using SIR92 [45] and refined anisotropically by full-matrix least-squares methods using SHELXL-2013 [46] . Crystallographic data (excluding structure factors) for this structure was deposited at the Cambridge Crystallographic Data Centre with the number CCDC 972857. This data can be obtained, free of charge, from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk.
Crystal data for (1b). 
Conclusions
In this paper, we have reported the self-assembly of a family of metallocage of the general formulae [M 2 (L) 4 , this host-guest interaction is also strengthened by the presence of hydrogen bonding between the amino groups of ligand L 2 , which pointed inward of the cavity and the guest. To our knowledge, this is a rare example displaying the encapsulation of a metal-complex within a nanocage. Our results are highly important for the field of host-guest interactions and namely to the study of chemical transformation by metal complexes within confined spaces.
